ABSTRACT.-With or without realizing it, macroecology, paleobiology and conservation biology have been addressing similar issues using similar methods and analogous data sets. Much of what we call "paleobiology" overlaps heavily with macroecology, and their shared interest in losses in biodiversity over space and time clearly is of interest to conservation biology. Here we examine how some "classic" macroecological and paleobiological studies and techniques apply to issues that currently are of interest to conservation biology. Our examples are far from exhaustive, but include examining temporal (or possible temporal) shifts in: 1) geographic range sizes; 2) body size distributions; 3) relative abundance distributions; and, 4) morphological diversity. Reframing these issues in terms of how loss of biodiversity and richness affects particular slices of time including (but not limited to) the present should do much to communicate the value of macroecological and paleobiological methods and theory to conservation research.
INTRODUCTION
MACROECOLOGY IS a relatively recent subdiscipline within ecology that focuses upon larger scale statistical patterns and explores the area of overlap between multiple disciplines including paleobiology, biogeography, ecology and evolution (Brown, 1995) . Although ecological theory successfully explains many different types of ecological interactions, traditional theory often fails to elucidate the interactions between different scales of biological organization (e.g., populations, communities, ecosystems and whole biotas) and has difficulty providing universal causal mechanisms for statistical patterns that are similar across large spatial, temporal or taxonomic scales (Brown and Maurer, 1989; Brown, 1995; Maurer, 1999; Gaston and Blackburn, 2000) . Macroecology is increasingly filling this gap.
Macroecological theory offers expected relationships among species-level traits (e.g., body-size, geographic ranges size, abundance distributions) that vary predictably under different scenarios. Paleobiology offers a way to evaluate these expected relationships over greater time scales and under climatic regimes and other scenarios not available to modern macroecologists. Moreover, studying macroecological patterns in the fossil record can help differentiate between patterns that are a result of the anthropological stresses unique to modern ecosystems or are repeatable patterns that are the result of long-term ecological and evolutionary processes. Importantly for conservation theory, paleobiology can give us a baseline with which to evaluate current ecological systems (e.g., Willis and Birks, 2006) .
Paleobiology often appears to concern macroevolutionary theory rather than macroecological theory. However, macroevolutionary theory looks to macroecology for possible processes behind large-scale diversification and extinction patterns. Thus, macroecological theory is highly relevant to hypotheses concerning Phanerozoic-level patterns of diversity gains and loses. Macroevolutionary theory and methods pertaining to different levels of extinction might also provide insights for conservation biological theory, as many of the questions asked of modern patterns can be asked of past extinctions. Together, macroecology and paleobiology are crucial for solving the complex problems caused by anthropogenically caused environmental changes such as habitat loss, global climate change and loss of biodiversity (Smith et al., 2008) .
In this paper, we review different approaches used by ecologists (both modern and paleontological) for addressing macroecological issues as well as explore how some methods hitherto used largely by paleobiologists might be useful for modern ecological studies. First we will discuss macroecological approaches typically used for modern data and discuss how they can be applied to the fossil record in the emerging field of conservation In Conservation Paleobiology: Using the Past to Manage for the Future, Paleontological Society Short Course, October 17th, 2009. The Paleontological Society Papers, Volume 15, Gregory P. Dietl and Karl W. Flessa (eds.) . Copyright © 2009 The Paleontological Society. paleobiology. Then we will take the opposite tact and discuss traditional macroevolutionary methods and discuss how they can be applied to modern conservation biology to give a fuller picture of a system than would otherwise be available.
MODERN MACROECOLOGICAL METHODS AND THEIR APPLICATION TO CONSERVATION PALEOBIOLOGY

Geographic range size
The study of ecology is fundamentally about understanding the abundance and distribution of species (Begon et al., 1990) . As such, a species geographic range is a basic unit of study in ecology. Using a macroecological approach can provide insight into the variation in a species geographic range by calculating correlations between a species' geographic range and other traits such as body size, life history, or abundance. Moreover, such studies of larger scale statistical patterns can provide insight into longer-term processes not typically available to reductionist ecology. For example, macroecological approaches can be used to evaluate the relationship between various species traits including geographic range size and a species extinction risk using a phylogeny and the IUCN redlist of threatened and endangered species for modern groups (e.g., Jones et al., 2003) or the fossil record for older groups (Jablonski, 1986; Jablonski and Raup, 1995) , or ideally both for groups that have a substantial fossil record, but extend into the present (e.g., mammals).
Geographic range size can be characterized using a variety of methods, each with its own strengths and weaknesses (Fig. 1) . The method used depends upon the type of underlying data available. When incorporating extant species, range maps are sometimes available ( Fig. 1.2 ). Modern range maps are often based upon a few known localities that are interpolated by the creator of the map using biome or habitat information to predict where the species will occur (e.g., Hall, 1981) . In many cases, the resulting range map appears to greatly exceed the reach of the locality data available. For some groups, this type of information may be the best that is available. However, it should be used with caution. If the range maps are equal-area projection maps, then geographic range size can be estimated using a planimeter (Willig and Selcer, 1989; Willig and Sandlin, 1991; Willig and Gannon, 1997) . These types of range maps can also be digitized and geographic area can be calculated using GIS programs (e.g., Patterson et al., 2003) .
In some cases, the area of a geographic range is not necessary to the study and latitudinal extent can be used instead (Roy et al., 1995; Lyons and Willig, 1997; Willig and Lyons, 1998; Koleff and Gaston, 2001; Madin and Lyons, 2005; Harcourt, 2006; Ruggiero and Werenkraut, 2007; Krug et al., 2008) . Latitudinal range size is usually calculated as the number of degrees of latitude between the northern and southern most extents of a species geographic range ( Fig. 1.3 ). Latitudinal extent is positively correlated with geographic range size (Gaston, 2003; Lyons, 1994) and can be used when data allowing a reasonable estimate of geographic range size are not available. Latitudinal extent can also be reliably used when the group in question has geographic ranges that are essentially linear, e.g., marine mollusks (Roy et al., 1994 (Roy et al., , 1995 Krug et al., 2008) . Finally, there are cases where latitudinal range is the unit of interest. For example, mid-domain models argue that if species' latitudinal ranges are randomly placed within a bounded domain (i.e., a land mass or closed ocean basin; Fig. 1.4) , the resulting distribution and overlap of species ranges would produce a gradient in diversity with a peak in the middle of the domain (Colwell and Hurtt, 1994; Willig and Lyons, 1998) . Obviously, if the mid-domain effect is the subject of a study, then latitudinal ranges are necessary.
When the underlying data are collection localities, more options are available for creating geographic ranges and estimating their area. This is particularly applicable to conservation paleobiology since much of the fossil data available are of this sort. One method involves taking the collection localities and first projecting them into an appropriate equal area projection ( Fig.  1.1) . Next, calculate the minimum convex hull that encloses the collection localities by identifying the limits of the collection localities and calculating the area within them (e.g., Lyons, 2003 Lyons, , 2005 . This is akin to drawing a line around the outermost localities and calculating the area within the resulting shape. There are two potential problems with this method. First, we are unlikely to have a record of a species everywhere it occurred or even in every habitat it occupied. Therefore, this method almost certainly provides an underestimate of a species true range size. The second problem is that sampling and preservation will be uneven across species. Better-sampled species are likely to have larger estimated ranges because the minimum convex polygons FIGURE 1.-Schematic of the different methods for estimating geographic range size. 1, Minimum convex polygon; 2, Biome infilling; 3, Latitudinal range extents; 4, Extent of the domain used to determine the total number of grid cells for occupancy measures. Modified from Willig et al. (2009). will have more localities spread across a larger space. This can be a difficult bias to solve because there are reasons to expect a species with a larger range to have a higher preservation potential. A species that occurs in multiple habitats or across more space will have more opportunities to be preserved. In some modern groups, there is a relationship between body size and geographic range with larger bodied species having larger geographic ranges (Brown, 1995; Gaston and Blackburn, 1996; Gaston, 2003; Madin and Lyons, 2005; Smith et al., 2008) . A similar relationship exists for North American mammals in the late Pleistocene and Holocene (Lyons, unpublished data) . Larger-bodied species may be more likely to be preserved and recovered because their skeletal elements are more robust and because they are easier for workers to find. For example, studies of mammals and marine mollusks have shown that extant taxa that are recorded in the fossil record tend to have larger geographic range sizes and larger body sizes (Lyons and Smith, 2006; Valentine et al., 2006) . One way to deal with variation in sampling when using minimum convex polygons is to set criteria for the degree of sampling necessary to accurately represent ranges for your system. However, sensitivity analyses should always be performed to determine the effect of the poorly sampled species on the patterns of interest (Lyons, 2005) .
A measure of geographic range size that is being increasingly used is occupancy (Ruggiero and Lawton, 1998; Gaston, 2003; Blackburn et al., 2004; Foote, 2007; Foote et al., 2007 Foote et al., , 2008 . Occupancy is the ratio of occupied sites to unoccupied sites (Fig. 1) . Occupancy is positively correlated with geographic range size (Gaston, 2003) . Currently there is no standard protocol for determining the number of sampled sites. As a result, sampling is usually determined by the available data. Unfortunately, there is no rigorous analysis of the effect of sampling on the accuracy of occupancy as a measure of geographic range (Willig et al., in press ). However, because of the nature of fossil data, occupancy may prove to be a simple, easy, and reliable way to measure geographic range size in the fossil record. Assuming that similar taphonomic biases are operating on all species within a taxonomic group, then occupancy should give a reasonable estimate of the relative geographic range size of species in that group. In a recent application of occupancy to fossil data, Foote (2007, see also Foote et al., 2007 Foote et al., , 2008 evaluated the trajectory of geographic range size through time and found that geographic ranges tend to increase, have a relatively short peak at mid-duration and then decline.
A final method for determining geographic range size is genetic algorithm modeling (Peterson, 2001; Martinez-Meyer et al., 2004; Peterson et al., 2004a) . In this method, collection localities are combined with information about the abiotic environment such as temperature, rainfall, elevation, humidity, etc. and fed into a genetic algorithm model called GARP to produce a model of a species' requirements that best predicts its distribution. These models are often produced using part of the locality data and then tested using the rest. These models have been used quite extensively for modern species to predict distribution shifts under different models of climate warming (Peterson et al., , 2002 (Peterson et al., , 2004b Thomas et al., 2004) . These models are likely to be less applicable to deep time systems because of the detailed information on environmental variables that they require. However, for late Pleistocene and Holocene systems where reasonable climate models are available, these models have been used to predict the expected range changes in extinct species (Peterson, 2001; Martinez-Meyer et al., 2004; Peterson et al., 2004a) . One drawback to these models is that they rely on species niches to be conservative. That is, they assume that the observed combination of abiotic variables under which a species is currently found represents the full spectrum of possibilities. If it is common for novel combinations of species to occur under novel climatic regimes (e.g., Williams et al., 2001) , then predictions of past and future geographic ranges made using genetic algorithm modeling will be inaccurate, particularly for time periods of dramatic climate change.
Evaluating changes in geographic ranges over critical intervals
Predicting changes in species distributions under different scenarios of global climate change is of considerable interest in conservation ecology. Typically, these studies are limited to observing the small shifts in distributions that have already happened, or using the current distributions of species to predict what will happen to their range in the future (Peterson et al., 2002; Walker et al., 2002; Parmesan and Yohe, 2003; Thomas et al., 2004) . Both have drawbacks when it comes to understanding and predicting the effects of global climate change. Analyses of current range shifts are limited to species that have extensive museum collections that can be used to define past distributions. Typically, the past is limited to the last hundred years or so. Moreover, the range shifts being observed are relatively small. For example, Parmesan and Yohe (2003) examined 1700 species and found average range shifts of 6.1 km per decade. Although their analysis determined that these were shifts of a significant distance, ecological theory predicts that the edges of species ranges are in marginal habitat and posits that a species geographic range is fluid, particularly at the edges. Therefore, some flux in a distribution is expected over time (Lomolino et al., 2006) . Determining how much of a range shift represents a real change versus expected flux is difficult.
Bioclimate envelope modeling attempts to get around this problem by using the current realized niche of a species and climate models to predict what will happen to a species in the future (Foody, 2008; Jeschke and Strayer, 2008; Schweiger et al., 2008) . For example, the current temperature range of a species is assumed to be the full range of temperatures under which a species can exist. By modeling what will happen to global temperatures in the future, workers can predict where the habitable area for a species is likely to be and what will happen to a species range. In some cases, the temperature range is expected to disappear and the species is predicted to become extinct (Thomas et al., 2004) . The problem with this method is that it fails to account for the possibility that species ranges are limited by something other than climate or that a species fundamental niche is greater than its realized niche. If some other aspect of its fundamental niche will be available under future climate conditions, the predictions from this type of modeling will be flawed (Willis and Birks, 2006; Willis et al., 2007a Willis et al., , 2007b Beale et al., 2008; Jeschke and Strayer, 2008) .
The incorporation of conservation paleobiology into these types of methods has the potential to greatly enhance our ability to understand and predict the effects of future climate change on species geographic ranges. First we have the ability to measure geographic range in the fossil record using all of the methods described above. With the increasing availability of major online databases like NEOTOMA (the current incarnation of FAUNMAP), the Paleobiology DataBase, NOW (Neogene mammals of the Old World), Miomap (Miocene Mammal Mapping Project) among others, we have the tools and data necessary to do broad scale analyses of changes in geographic ranges through time. These types of analyses have the ability to offer fundamental information that is not available using modern data alone.
Incorporating fossil data can expand our knowledge and understanding of the niches of extant species with a fossil record. For example, Pleistocene plant workers have done extensive work mapping past distributions of plant species to understand how plants shifted their distributions in response to glaciation (Overpeck et al., 1985 (Overpeck et al., , 1992 Jackson et al., 1997; Jackson and Overpeck, 2000; Williams et al., 2001 Williams et al., , 2002 Williams et al., , 2004 . This work has focused extensively on identifying and understanding non-analog communities (Overpeck et al., 1992; Williams et al., 2001; Jackson and Williams, 2004) . In a paper in which pollen distributions were analyzed in conjunction with climate models, Williams et al. (2001) showed that non-analog plant communities are found in areas of non-analog climate (i.e., novel combinations of temperature and precipitation). Obviously, the aspects of a species niche that are expressed in these no-analog communities are not apparent when only modern distributions are used to define a species niche space.
Our understanding of what happens to species distributions as climate changes is strongly informed by conservation paleobiology. Paleobiological studies quantifying species range shifts during the last glaciation showed that species shift their ranges individualistically and that ecological theory predicting that communities are Clementsian superorganisms are incorrect (Graham, 1986; Graham and Mead, 1987; Webb and Barnosky, 1989; Overpeck et al., 1992; Graham et al., 1996; Davis et al., 1998; Jackson and Overpeck, 2000; Davis and Shaw, 2001; Barnosky et al., 2003; Lyons, 2003; Williams et al., 2004) . This work has also shown that species did not shift their ranges in a simple north-south fashion as the glaciers expanded and contracted (Graham et al., 1996 , Lyons, 2003 , but that individual species are responding to changes in the environment that correspond to their niche requirements and the scale at which they perceive the environment. The widespread dissemination of this work into ecological theory and ecological text books (e.g., Lomolino et al., 2006) likely informed current ecological theory and methods used to evaluate and predict species range shifts as a result of global warming. However, there is room for the expansion of paleobiology in this area. For example, where the data exist, more detailed analyses of species past distributions and their correlation with climate models can provide a better understanding of species fundamental niche. Such information would greatly enhance the accuracy of bioclimatic envelope models in predicting species responses to global warming. As fossil databases grow, there will be more opportunities to shift these types of analyses into deeper time. Analyzing species responses to multiple climate change events can provide a baseline for how species respond under natural scenarios. Similarities and differences with the current climate change can provide insight into possible policy decisions that will mitigate anthropogenic effects.
Evaluating the role of geographic range in extinction events
Analyses of geographic ranges in the fossil record can also provide an understanding of how species geographic ranges change through time in the absence of dramatic climate change. A series of recent papers examines the patterns of geographic range expansion and contraction over a species lifetime using species occupancy as a metric (Foote, 2007; Foote et al., 2007 Foote et al., , 2008 . In general, occupancy is symmetrical with a rise, a short-lived peak, and then a decrease to extinction. As a result, species geographic ranges are already in decline when they become extinct. Moreover, the authors found no cases of subsequent increase once the decline started. This implies that, in the absence of mitigating factors, species do not recover once their geographic range begins to decrease. Indeed, the species that were at the greatest risk of extinction were those whose geographic range had been declining for a substantial portion of time . This type of baseline information on the waxing and waning of geographic ranges is sorely missing from our understanding of species responses to climate change (Willis et al., 2007a) . Moreover, it is not possible to obtain it using the modern record.
In addition to providing baseline information on the dynamics of geographic ranges over time, the fossil record allows for analyses of the role of geographic range in different types of extinction events. A classic paper by Jablonski (1986) found that broad geographic ranges enhanced the survivorship of marine mollusks during times of background extinction, but provided little protection during mass extinctions. A similar relationship was found in an analysis of all benthic marine invertebrates across the Phanerozoic (Payne and Finnegan, 2007) . Moreover, the extensive analysis of marine invertebrate genera by Foote (2007) confirmed this finding. During times of mass extinction, more of the genera that became extinct did so while their occupancy was holding steady or increasing.
This work has important policy implications for the current biodiversity crisis. It suggests that species whose geographic ranges have already declined substantially, or whose habitat is greatly degraded or destroyed, will take more effort to save. Moreover, if fears that we are in the sixth mass extinction prove true, this work argues that we cannot be complacent and assume that species with broad geographic ranges are safe.
FIGURE 2.-Range size frequency distributions for late Pleistocene mammals in North America. Underlying locality data were taken from FAUNMAP and divided into four time periods. Pre-Glacial (40 kya to 20 kya), Glacial (20 kya to 10 kya), Holocene (10 kya to 500 ya) and Modern (last 500 y). Range sizes were calculated using minimum convex polygons enclosing fossil localities. Modified from Lyons (2005) .
Geographic range size distributions
Another commonly studied macroecological pattern is the frequency distribution of geographic range size. Range size frequency distributions are created by dividing species into range size categories and constructing a histogram of the number of species in each bin. They generally exhibit a characteristic shape when plotted on an arithmetic scale (e.g., Fig. 2 ; Brown, 1995; Gaston, 2003) . Because the majority of species have small ranges and a few species have medium and large ranges, the resulting distributions typically are unimodal and right-skewed. They are typically referred to as "hollow curves" (Willis, 1922) . Taking the log does not produce a normal distribution. After log-transformation, range size distributions are typically unimodal and somewhat left-skewed (Willig et al., 2003, in press) .
Range size frequency distributions are potentially useful in conservation paleobiology. First, the similarity in the shape of the distribution in modern groups suggests that these patterns are the result of macroecological and evolutionary processes that have predictable effects on geographic ranges despite the multitude of factors that can affect individual ranges. If so, range size frequency distributions of fossil data should show a similar shape and can be used as a way to verify that geographic ranges of fossil taxa are likely reasonable estimates. For example Lyons (2005) used range size frequency distributions of late Pleistocene mammals derived from FAUNMAP to show that the ranges were showing similar patterns to those of modern distributions and therefore were likely to be reasonable estimates. Second, the shapes of these distributions during mass extinctions or climate change events should be evaluated. If these distributions change in predictable ways during critical intervals, then they may prove useful in evaluating the health of modern ecosystems and the impact of the current biodiversity crisis on large spatial scales.
Body size distributions
One of the most common currencies used in macroecological studies is body size. This is in part because it is the most obvious and fundamental characteristic of an organism and in part because many important biological rates and times scale predictably with body size (Calder, 1984; Peters, 1983) . Body size is relatively easy to measure in most groups and methods are available for turning body size measures into biovolume so that comparisons may be made across groups with very different underlying morphologies. For example, Payne et al. (2009) used biovolume to compare the maximum size of organisms in all the major phyla since the appearance of life >3.5 billion years ago. Moreover, studies have shown that species body sizes change predictably in response to climate change (Smith et al., 1995 (Smith et al., , 1998 Hadly et al., 1998) . For some species, such as pack rats (i.e., Neotoma) body size changes in response to climate change have been documented on the order of decades, centuries and millennial time scales.
Species body size is typically described using a single estimate in most macroecological studies. Ideally, this value should incorporate variation in body size across space, time period of interest, and sex of the species (e.g., Smith et al., 2003) . For many groups mean or median body size is used. However, for indeterminate growers, it often makes more sense to use maximum body size (sensu Jablonski, 1997) . In reality, rare species are often characterized by a single estimate representing a population or individual. Particularly for fossil species, body size per se is not available and surrogates must be used. Depending on the group of interest, these include body length, body area, limb measurements, shoulder height, tooth area, etc. Obviously, the best surrogates are those that correlate with body mass. For many mammalian groups, standard regression equations are available to estimate body mass from other morphological measurements such as molar area (Damuth and MacFadden, 1990) . Once estimates for body size are available, body size distributions are constructed in the same way as range size distributions. Body sizes are log-transformed and then allocated into categories and the number of species or individuals in each category is tabulated and displayed as a histogram (Fig. 3) .
Body size distributions are a result of evolutionary processes acting on species body sizes and ecological processes acting to sort species into communities and over longer time scales into biota. There are similarities in the shapes of body size distributions among warm-blooded vertebrates. In modern systems, body size distributions at the continental scale are unimodal and right-skewed. At smaller spatial scales, body size distributions become progressively flatter until they are nearly uniform at the community level (Brown and Nicoletto, 1991) . The unimodal, right-skewed pattern seems to be limited to endotherms. Vetebrate ecotherms and invertebrate groups have unimodal, left-skewed body size distributions (Poulin and Morand, 1997; Roy and Martien, 2001; Boback and Guyer, 2003) . Moreover, the pattern of progressive flattening with spatial scale differs on different continents. South American mammal communities show more peaked distributions at the local scale than North American communities (Marquet and Cofre, 1999; Bakker and Kelt, 2000) and African mammal communities are bimodal rather than uniform (Kelt and Meyer, 2009 ). More specialized groups of mammals such as bats have more peaked distributions at all latitudes (Willig et al., in press) .
The methods used to analyze body size distributions depend upon the question being asked. If the question is simply about the shape of the distribution, the moments of the distribution (e.g., mean, median, skew and kurtosis) are often used. In particular, the kurtosis value gives the most information about the overall shape (Alroy, 2000; Lyons, 2007) . Oftentimes, the question is whether the distribution in question is significantly different from a model distribution or whether two distributions are significantly different from one another. When both distributions are known, they can be compared using a Mann-Whitney U test or a Kolmorgorov-Smirnov test (Sokal and Rholf, 1981) . Randomization techniques are employed to ask whether the distribution is different from a random draw from a larger species pool. For example, Smith et al. (2004) compared continental body size distributions of modern mammals by comparing differences in the real distributions to differences between distributions generated by drawing species randomly from the global pool of species. For each randomly generated distribution, the number of species drawn was equal to the number of species on the continent. These analyses found that continental body size distributions of mammals were significantly different from random distributions . All of these methods may be applied to body size distributions at any scale.
The similarity in the shapes of body size distributions at different scales suggests evolutionary and ecological factors act in predictable ways in different groups to shape these distributions. If so, then evaluating the shapes of body size distributions may be yet another tool to evaluate the effects of climate change on a biota. However, the modern systems are highly altered systems and we cannot assume that the patterns we see today are not a result of the unique anthropogenic forces acting on modern species. Indeed, analyses of mammalian body size distributions in both deep and near time suggest that modern distributions have been fundamentally altered (Alroy, 1998 (Alroy, , 1999 Lyons et al., 2004) . Shortly after the K/T extinction mammals expanded their range of body sizes into the full range we see today. Approximately 40 ma medi- Alroy (1998 Alroy ( , 2000 . um-size mammals became rare and a hole opened in the body size space (Alroy, 1998) . Macroecological analysis of mammalian body sizes over the Cenozoic suggest that the continental body size distributions were unimodal until 40 ma at which point they became bimodal and remained that way until the extinction of the megafauna at the end of the Pleistocene (Fig. 4) . Moreover, the end-Pleistocene extinctions fundamentally altered the shape of the body size distributions on all the continents on which it occurred ( Fig. 3 ; Lyons et al., 2004) . These results suggest that the natural state of mammalian body size distributions is not the unimodal, right-skewed distribution we see in the present, but the bimodal, right-skewed distribution we see for the majority of mammalian history.
Conservation paleobiology can provide insight into an additional area of modern conservation ecology, the role of body size in extinction risk. Many modern ecological studies find a strong correlation between extinction risk (as measured by inclusion on the IUCN redlist or by historical extinction) and body size (Gaston and Blackburn, 1995; Cardillo and Bromham, 2001; Jones et al., 2003) , however, there is no strong signal of size selectivity in extinction in the fossil record (Jablonski and Raup, 1995; Lockwood, 2004; Jablonski, 2005) . Indeed, the only factor that has consistently been associated with extinction in fossil taxa is geographic range size (Jablonski, 1986; Payne and Finnegan, 2007) . The obvious difference between modern systems and the majority of history is the impact of humans. Examination of the megafaunal extinction of mammals lends support to the idea that humans are the reason why large-bodied modern species are more vulnerable to extinction, but large-bodied species in the fossil record are not. This extinction event was a highly size selective event on all the continents on which it occurred (Fig. 3 , Lyons et al., 2004) . Moreover the degree of size selectivity was greater than any other extinction in mammalian history (Elroy, 1999). The common denominator on all the continents that suffered an extinction was the arrival of humans. The extinction in Australia occurred earlier than in North and South America shortly after humans arrived and prior to the climate change associated with the last glaciation (e.g., Lyons et al., 2004) . The lack of size selectivity in fossil extinction events combined with the strong size selectivity of the end-Pleistocene event suggests that extinction risk in modern systems is size selective because of the actions of humans and that this is not a natural characteristic of ecosystems. These insights would not be possible without the contributions of conservation paleobiology.
MACROEVOLUTIONARY METHODS AND THEIR APPLICATIONS TO MODERN CONSERVATION BIOLOGY
Morphological disparity
Morphological disparity is the quantification of morphological diversity (Foote, 1997) . Workers have used disparity largely to summarize the results of major radiations, but also to summarize the effects of extinctions (Foote, 1991; Roy, 1996; Wagner, 1997; McGowan, 2004) . Roy and Foote (1997) note that it is underutilized as a conservation biology tool. In particular they offer disparity as an alternative to patristic distance or dissimilarity, i.e., summaries of phylogenetic distances among taxa (Faith, 1994 (Faith, , 2002 . Simulation (Foote, 1996) and empirical (Wagner, 1997; Cotton, 2001 ) studies indicate that there is a positive correlation between morphologic disparity and either patristic distance (average numbers of branches separating taxa) or patristic dissimilarity (average sum of inferred changes separating taxa). However, whereas patristic studies require model phylogenies, disparity studies do not. As both studies require the same sort of data, this makes disparity studies a useful way to assess the effects of both past extinctions and possible extinctions on existing morphologic diversity.
Disparity requires a measure of how different two taxa are. When using qualitative character data (such as used in phylogenetic studies), a simple measure is:
where D ij is the difference between taxa i and j, differences is the number of characters that differ and comparable characters represents the number of characters that can be compared. The latter will be fewer than the total number of characters if there are missing data (e.g., incomplete specimens) or if there are incomparable characters (e.g., feather color characters for nondinosaurian reptiles.) If there are "ordered" characters (e.g., state 2 is considered two units away from state 0 instead of 1), then the numerator is the sum of the differences (i.e., 1 for differing binary or unordered multistate characters, and the absolute difference between states for ordered multistate characters). For continuous (e.g., morphometric) characters, one can simply sum the absolute differences between characters. Overall disparity is simply the average among all pairwise comparisons.
We present an example here using extant lepidosaurs. The tuatara (Sphenodon) is well known for being the last of the sphenodontians, a formerly diverse clade of lepidosaurs. All other lepidosaur species are squamates (lizards and snakes). It is intuitively obvious that the extinction of the tuatara would eliminate far more evolutionary history than would the loss of the typical lizard or snake species. Here we will show how disparity could demonstrate this even without a complete phylogeny.
We use characters from two data sets. The squamate data are from Conrad's (2008) analysis of 221 extant and fossil lepidosaur taxa. For the purpose of this study, we limit ourselves to 88 extant taxa and 359 characters that vary among them. Conrad uses Sphenodon as an outgroup (i.e., an assumed closest relative of a study group thought to share primitive states with the clade of interest). Following standard convention, Conrad coded Sphenodon only for those characters that vary among squamates (see Kitching et al., 1998): thus, the study omits many characters that one would recognize only if trying to discern relationships of sphenodontians, a formerly diverse lepidosaur clade now represented only by Sphenodon. The nature of outgroup coding would seem to reinforce this notion of the tuatara as a "living fossil." However, phylogenetic analyses of sphenodontians show that Sphenodon is highly derived and differs from outgroup squamates in 37 of 67 characters in one study (Apesteguia and Novas, 2003) and 33 of 49 characters in another series of studies (Reynoso, 1996 (Reynoso, , 2000 . Lacking a study coding both sphenodontians and squamate lepidosaurs, we augment Conrad's matrix with the sphenodontian characters for which Sphenodon and lepidosaurs differ, using Apesteguia and Novas's character data. As the latter study codes squamates as polymorphic if some squamates shared states with some sphenodontians, this should not introduce redundant characters.
We calculated disparity as described above assuming unordered character states. We wish to address what the effect on lepidosaur morphological disparity would be if we lost Sphenodon. Foote (1993) contrasted disparity with and without whole clades to assess a similar question. Here, a whole clade is reduced to a single taxon. Therefore, we assess the effect of removing sin-FIGURE 5.-1, Lepidosaur disparity following the removal of single taxa, with "none" giving disparity of all extant lepidosaurs. Error bars reflect 500 bootstrap replications; 2-Lepidosaur disparity without Sphenodon vs. lepidosaur disparity without Mosasaurus. Data from Conrad (2008) and Apesteguia and Novas (2003). gle taxa by jackknifing the dataset, i.e., calculating the morphospace for 89 times: once with all 88 taxa, and 88 times with one taxon removed (see Foote, 1991) . Phylogenetic autocorrelation (e.g., Felsenstein, 1985) makes formal tests of differences in disparity problematic. However, bootstrapping of pairwise dissimilarities (e.g., Foote, 1992) provides an idea of how easily one could recover similar changes in disparity.
Finally, it is instructive to examine how losing another "living fossil" might affect morphological disparity. Pretend that the Maastrichtian Mosasaurus hoffmannii survived until the present. This presents an interesting contrast with Sphenodon because although mosasaurs are long extinct, they are nested high in squamate phylogeny being closely related to modern varaniforme lizards (Conrad, 2008) . Thus, we have similar patristic distances between either M. hoffmannii or Varanus komodoensis (the Komodo dragon) and iguanids or gekkos. The highly derived nature of mosasaurs would elevate the patristic dissimilarity between M. hoffmannii and other lizards, but the majority of differences between M. hoffmannii and other lizards would be synapomorphies shared between mosasaurs and varaniformes.
Unsurprisingly, removing tuataras has a far greater effect on lepidosaur disparity than does removing any squamate taxon (Fig. 5.1) . Removing tuataras has a far greater effect than removing the more obviously derived mosasaurs (Fig. 5.2 ), although losing a relic mosasaur species would reduce lepidosaur disparity greater than would losing any other lepidosaur.
There are three critical points to this analysis. One, we can easily recognize just how much morphological disparity a relict taxon such as tuatara creates only by refering to extinct taxa: without extint sphenodontians, we would have no frame of reference for describing the 30+ unique tuataran features. Second, disparity quickly recognizes that highly derived taxa closely related to other taxa (e.g., Mosasaurus) still represent considerable evolutionary novelty: although Mosasaurus and Varanus are equally distant from most other lizards, we lost much more morphological diversity with the loss of M. hoffmanni than we would with V. komodoensis. Finally, these disparity analyses point to other potential loses. Sphenodon represents an example that many non-scientists can appreciate; however, although it probably would not surprise herpetologists that losing taxa such as Xenopeltis and Liotyphlops would greatly reduce lepidosaur diversity, these taxa are nowhere as well known to non-specialists. Disparity presents an easily repeatable and easily communicated summary of just how much diversity these few taxa actually represent.
Relative abundance distributions
Traditionally, paleontologists and conservation biologists both have equated diversity with richness (i.e., numbers of taxa; e.g., Sepkoski, 1978; Gaston and Blackburn, 2003) . However, ecologists typically consider richness to be only one aspect of diversity, with the relative abundance being the other component (e.g., Hurlbert, 1971) . Diversity is just as important as richness because ecological theory allows predictions about how species should allocate resources under different circumstances. This, in turn, allows predictions about different relative abundance distributions (RADs) describing expected proportions of species in a community. Workers have adopted two basic approaches to summarizing diversity. One is to summarize the entire RAD in a single metric, such as evenness. Another is to parameterize the RAD, usually using one of several models with theoretical implications.
Evenness metrics
Workers have devised numerous metrics to describe evenness (e.g., Smith and Wilson, 1996) . In general, these metrics summarize how abundances deviate from uniform (i.e., all S taxa having abundance1/S). A more detailed description of several different evenness metrics is presented in Appendix 1. Studies contrasting "live" and "dead" assemblages suggest that preservational factors elevate evenness but still should permit us to discern relative evenness in assemblages (Olszewski and Kidwell, 2007) . Thus, trends in evenness should be discernible in the fossil record. Kempton (1979) suggested that there should be a positive correlation between evenness and the "health" of a community. If taxa divide resources fairly equally or when numerous taxa find "new" ways to utilize resources, then evenness should be high. Conversely, if a few taxa monopolize resources or if few taxa can find "new" ways to access resources, then evenness should be low. Most paleobiological studies have used the first proposition to assess diversification over long periods of time. For example, Cenozoic marine assemblages show significantly higher evenness than do Ordovician marine assemblages (Powell and Kowałewski, 2002) . Similarly, assemblage evenness increases over the course of major radiations in both the Cambrian and the Ordovician (Peters, 2004) . Conversely, evenness decreases in assemblages following rebounds from regional Ordovician extinctions (Layou, 2009) 
Empirical examples
Here we present two empirical examples of evenness under suspected declining ecological systems. One re-examines Rhaetian (Late Triassic) plant diversity from Greenland leading up to the end-Triassic extinction (McElwain et al., 2007) . The other re-examines the response of grassland diversity from 19 th -20 th century Sweden in response to nitrogen fertilizer (Brenchley and Warrington, 1958) . McElwain et al. (2007) use only E to note that evenness generally decreases in younger beds leading to the end-Triassic extinction, with the younger three beds showing much lower evenness than the older three beds (Fig. 6.1 ). All other evenness metrics repeat this, although the difference is less marked with J, F and PIE. However, Swedish grasses present an interesting contrast: all metrics show evenness decreasing from the 19 th century to the 20th century, but two metrics (E and D) suggest that the final evenness increases whereas the other three suggest that evenness plummets ( Fig.  6 .2). The apparent increase is an artifact of the very low sampled richness, S o =3. S o is the sole determinant of D min and the primary determinant of E min . Here, the observed value (E o =0.343 and D o = 0.337) are only marginally greater than the minimum possible given S o and N=1245 (E min =0.338 and D o = 0.335). Rescaling E and D relative to the minimum possible results in evenness plummeting for the final grassland sample.
Evenness limitations
The example above illustrates additional limitations with evenness metrics. Assessing the significance of diversity change is ineloquent. Evenness metrics do not offer exact predictions about abundances. Thus, one usually must resort to bootstrapping or subsampling to contrast individual assemblages. Testing hypotheses of trends in evenness requires copious sampling, as individual assemblages are the sole data point rather than numbers of specimens. Finally, two beds might have the same evenness yet have different model RADs with very different ecological implications. Evenness clearly represents a useful exploratory tool, as it suggests patterns in examples such as the two illustrated above. However, actually examining RADs should provide far greater power for a variety of other tests. 
RAD models: theoretical expectations
Ecological models for the evolution of communities and the division of resources therein often predict relative abundance distributions (see, e.g., May, 1975; Gray, 1987; Hubbell, 2001 ). These models divide into two general classes. One class assumes that individuals from different species compete with each other in similar ways for resources. Examples include the geometric distribution (Motomura, 1932) , the log-series distribution (Fischer et al., 1943) and the zero sum multinomial (Hubbell, 1997 (Hubbell, , 2001 ). These models assume that the primary controls on relative abundance are: 1) the rates at which species enter communities; 2) rates of population growth; and; 3) population size, with the different models making somewhat different assumptions about these parameters. The second class assumes that some or all species create ecological opportunities, either for themselves or for other species. Examples include the Zipf and Zipf-Mandelbrot distributions (Frontier, 1985) and the log-normal distribution (Preston, 1948) . Here again, RADs reflect the order in which species colonize communities, but RADs now also reflect other biological factors such as "new" ecospace created by taxa and/ or hierarchical partitioning of general niches into more specific niches. Although workers typically describe processes behind RADs in terms of the development of communities, these principles should also let us make predictions about how RADs should change as ecosystems deteriorate. In particular, we might expect changes in RAD models if ecosystems lose complexity, or we might expect changes in parameters if diversity is lost within the same RAD model. A detailed discussion of the mathematics of 4 common RAD models is provided in Appendix 1.
Unlike evenness metrics, RADs make explicit predictions about numbers of specimens and thus allow conventional tests of hypotheses predicting changes in those numbers over time. Paleontological studies have used RADs to contrast communities over space (Buzas et al., 1977) and over time (Olszewski and Erwin, 2004; Wagner et al., 2006; Harnik, 2009; McEwlain et al., 2009 ). The Olszewski and Erwin and McElwain et al. studies are particularly germane here as both examine RAD shifts in response to long-term environmental change. Moreover, the likelihood framework that they employ sets up the way in which we think RAD patterns leading to extinctions (or possible extinctions) should be examined. Kempton (1979) noted that evenness decreased in Rothamsted grasslands over time, likely as a response to intense nitrogen-rich fertilizers. Despite the drastic decrease in the final year, there is no satisfactory test of whether the decrease is significant. Following convention (e.g., Burnham and Anderson, 2004) , we accept the model with the lowest Akaike's Modified Information Criterion score as the best model (Table  1) . (More exact tests can be performed using Akaike's weights; e.g., Wagner et al., 2006.) These indicate that the zero sum multinomial is the best model for the first 60+ years. However, the geometric is the best model for the final survey.
Testing shifts in RADs over time
Within the first four assemblages, there is a significant decrease in θ between 1872 and 1903 ( Fig. 7.1 ). One interpretation of this is that the realistic pool of species that could immigrate into the Rothamsted community decreased. The local increase in nitrogen due to intense fertilizer treatments would not have affected the larger metacommunity, but it could have eliminated some species in Rothamsted and reduced the number of species within the metacommunity that could have immigrated there. Notably, the most likely m's (migration rates) increase drastically, suggesting much more exchange between the local community and the larger metacommunity among those species that could migrate back and forth.
The final assemblage not only shows a shift from the zero sum to the geometric, but also to a geometric that is drastically steeper (and thus less even) than the best geometrics from prior years ( Fig. 7.2 ). There are two issues here. One, the geometric can be thought of as a conceptual special case of the zero sum in which migration no longer is important. This would be consistent with the idea that only a few (possibly only three) species from the larger metacommunity could tolerate the heavily fertilized environment. Second, it indicates that success is very different among those few species that could tolerate the new environment.
CONCLUSIONS
Both macroecology and paleobiology concern themselves with changes in biodiversity over longer periods of time and larger spatial scales than do traditional ecological studies. Their shared concern in loss in biodiversity (over any time scale) is shared with conservation biology. As such, pertinent methods that both fields use, whether derived independently or in tandem, should be of interest to conservation biologists. We have provided examples here from a variety of temporal and spatial scales, as well as from a variety of data types. There are, of course, several other research avenues (e.g., confidence intervals on temporal ranges or relationships between macroecological parameters) that we have not covered in this paper that clearly apply to macroecology, paleobiology and conservation biology, and which have (to varying degrees) evolved in parallel or in tandem in these different fields. Our primary point might seem obvious, but it clearly has not been properly appreciated: all three fields are dealing in similar issues and all three fields have much to offer one another.
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APPENDIX 1
Evenness metrics
Although the basic concept of evenness, i.e., typical deviation from uniform abundance, is simple, many evenness metrics exist. When examining the logarithms of distributions, the Shannon-Wiener index, H, (Shannon, 1948) is intuitively informative. H is:
where S o is the observed richness, and ƒ i is the observed relative abundance (frequency) of taxon i. The maximum value for H occurs when ƒ i is uniform for all taxa (i.e., ƒ i = 1 S o ) and yields H = -ln(S o ).
Two evenness metrics use this relationship: J (Pielou, 1966) and E (Buzas and Gibson, 1969) . These are given as:
and:
In both cases, the numerator will equal the denomina- 
Here, the second term is simply the probability of sampling the same taxon (an interspecific encounter) twice in a row. Peters (2004) sum of squared evenness relies on the sum squared differences between observed and expected (ƒ=
) abundances:
In both cases, the minimum sum of squares occurs
However, whereas F (like J and E above) is 1.0 at uniform abundance, the maximum possible PIE increases as richness (S) increases, and never can reach 1.0. PIE has a direct relationship to rarefaction curves, as the expected subsampled richness at 2 specimens is 1+PIE (Olszewski, 2004) . Finally, Powell and Kowałewski (2002) use the Kolmogorov-Smirnov D statistic, which is simply one minus the sum of the differences between ƒ i and
. Again, this is 1.0 when frequencies are uniform.
We note above that the maximum value of PIE depends on the sampled richness. For all evenness metrics, the minimum possible value depends on both sampled richness and sample size (e.g., Gosselin, 2006) . For N specimens and S o observed taxa, this would be when ƒ 1 = N+1-S o and ƒ 2 =ƒ 3 =…=ƒ So =1. As we shall show below, this can be very important when examining trends Sample size is also important for the accuracy of evenness metrics. Small sample sizes yield accurate estimates of PIE and F (Gotelli and Graves, 1996; Peters, 2004) . This is because the taxa that make the greatest contributions to PIE and F are the most common taxa. Rare taxa typically alter the sum of squared (or squared difference from expectations) only slightly whereas they alter H appreciably. Sampling standardization overcomes this problem (Layou, 2009) , but then leaves all evenness metrics reflecting the most common taxa.
RAD models: theoretical expectations
Workers have proposed many more RAD models than we can review here. Therefore, we will focus on four that workers commonly use (Fig. A1) . The simplest is the geometric distribution (Motomura, 1932) , which relies on one parameter,
which reflects the rate of species entry relative to the rate of population expansion. The frequency of species rank i is approximately:
Although ƒ 1 only approaches (1-δ) asymptotically, in practice only a few taxa are necessary for ƒ 1 to approach (1-δ) to the third decimal place, especially as δ decreases. This allows us to approximate RADs using a single parameter. The geometric is very similar to the more commonly used log series (Fisher et al., 1943) , which differs in assuming that species arrival is stochastic rather than regular. However, the log series requires an iterative solution that does not lend itself so easily to calculating ƒ i 's as the geometric does (e.g., Hayek and Buzas, 1997) .
The geometric makes simplifying assumptions about both true population size and migration/origination rates. The zero-sum multinomial (Hubbell, 1997 (Hubbell, , 2001 ) explicitly accommodates these. The calculation is too complex to repeat here (see Volkov et al., 2003: box 1), but relies on three parameters: the local community size (N T ), the probability of immigration (m) from the larger "metacommunity" (i.e., collection of adjacent communities), and a compound parameter (θ) that is the product of the origination rate and "metacommu-ƒ i (1-) (i-1) nity" population size (usually given as J M ). Volkov et al.'s (2003) formula allows one to estimate the exact number of species with n specimens, and thus an exact RAD. As θ increases, the probability of interspecific encounter increases, meaning a richer and more even community.
Other RAD models assume that species utilize resources differently, either by entering fundamentally different niches or by making new resources available either for themselves or for other species. The ZipMandelbrot (e.g., Frontier, 1985) relies on three parameters:
Like δ for the geometric, γ reflects ecosystem stability and the regularity of immigration. However, the assumption is that new species expand the total ecospace slightly, resulting in the difference in ƒ i decreasing. β reflects the diversity of basic niches. The Zipf distribution is the special 2-parameter case where β=0 and yields a RAD that is linear on a log-log plot. Although ƒ i is proportional to the numerator regardless of true richness (S T ), it always is 1.0 for the first species. Moreover, the denominator (i.e., the sum of relative proportions) changes markedly with the addition of new taxa even at high values of S T . Thus, we cannot predict abundances given β and γ without specifying S T .
RADs frequently fit lognormal distributions (Preston, 1948) . This might be a simple artifact of mixing exponential distributions (May, 1975) ; however, it also can reflect hierarchical division of niches by incoming taxa (Sugihara, 1980) . Lognormal RADs depend on two parameters ( Figure A2 .1): true richness (S T ) and the magnitude difference in abundance between species separated by X standard deviations under the normal curve (m). This provides only a very general RAD: although it specifies the number of taxa in any one octave, it does not specify their relative abundances. This can be done by a simple iterative procedure where the normal curve is divided into (S T +1) partitions of equal FIGURE A3.-Expected sampled RADs from the same model RAD (= lognormal from Fig. 7) . As sample size (n) increases, the expectations become increasingly sharply delimited. This reflects both tightening of binomial error bars on expected numbers of finds given a true proportion and decreasing probabilities of sampled abundance ranks differing from true abundance ranks. area ( Fig. A2.2 ). The position of partition i is directly proportional to the relative abundance taxon i (Fig.  A2.3 ).
Expected observed RADs given sampling
When comparing RADs, it is tempting to examine the goodness of fit to observed rank abundance to hypothesized curves such as shown in Figure A1 . Another relevant concern is sample size (Koch, 1980; Gotelli and Graves, 1996; Dewdney, 1998; McGill, 2003) . Consider the lognormal example in Figure A1 . At 100 and even 400 specimens (Fig. 9.1-2) , the sampled RADs look more like Zipf or even log series RADs than like the original model (Fig. A1) . We need over 1000 specimens to recognize the characteristic lognormal sigmoidal RADs (Fig. 9.3) . Figure A3 emphasizes what we do have: predictions of expected frequencies of taxa with 1, 2, 3, etc. finds. For models predicting exact abundance frequencies given rank abundance, the expected sampled richness with abundance n given total sample N is:
where ƒ i is the frequency of species i implicit to the hypothesized RAD. Simple multinomial probability now gives us the likelihood of RADs that assumes that sampled RADs will differ from the original model RAD (Olszewski and Erwin, 2004) . Equally important, we can use log-likelihood tests to test for changes within particular RAD models over time (e.g., Edwards, 1992) ; Alternatively, we can use information theory tests to test for changes in basic models over time (Burnham and Anderson, 2004) .
